Control of spontaneous epileptiform discharges by extracellular potassium: an "in vitro" study in the CA1 subfield of the hippocampal slice.
1. The effects evoked by changing [K+]o upon the synchronous epileptiform discharges (SEDs) generated in the presence of GABA antagonists were studied in the "in vitro" hippocampal slice with extra- and intracellular recordings. [K+] in the artificial cerebrospinal fluid (ACSF) was varied in steps of 1 or 2 mM between 3.25 and 10.25 mM. 2. Spontaneous SEDs occurred rarely at [K+]o lower than 5.25 mM. Augmenting [K+]o from 5.25 to 10.25 mM caused a four to five fold increase in the frequency of occurrence of SEDs while the duration of each SED was inversely related to the rate of occurrence. 3. Similar findings were observed when the CA1 subfield had been surgically disconnected from the CA2-CA3 subfields. In these experiments SEDs occurred independently in the two regions, but at any given [K+]o SEDs in the CA3 subfield displayed a frequency two to three times higher than that of SEDs generated in the CA1 area. 4. The intracellular correlate of the SEDs in the CA1 subfield either intact or isolated from the CA2-CA3 ones was a large amplitude depolarization (duration 100-600 ms) associated with a burst of action potentials. This intracellular event, which was similar to the paroxysmal depolarizing shift (PDS) recorded in focal models of epilepsy "in vivo", behaved largely like a synaptic phenomenon when the resting membrane potential (Vm) was changed with intracellularly injected current. A long lasting (half-width: 0.3-2 s in 6.25 mM [K+]o) hyperpolarizing potential usually followed the PDS and could be inverted by hyperpolarizing the Vm by 15-25 mV. When [K+] in the ACSF was raised from 7.25 to 10.25 mM, pyramidal cells depolarized in a dose related fashion. At the same time the post-PDS hyperpolarization decreased in duration and peaked earlier, thus curtailing the depolarizing envelope of the PDS. Consequently, the effect of increasing [K+]o was that of evoking more frequent, but shorter PDSs. 6. These findings demonstrate that the appearance of spontaneous SEDs in the presence of GABA antagonists is dependent upon [K+]o. The effects of evoked by increasing [K+]o are presumably mediated through: (i) a decreased strength of K+ repolarizing conductances; (ii) an increased efficacy of synaptic potentials; (iii) a steady depolarization of the neuronal membrane. The modulation of the frequency of occurrence of SEDs appears to be related to a decreased duration of the hyperpolarization which follows the PDS, a potential which is largely mediated by a K+ conductance.